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ABSTRACT 


Objectives: It was intended to isolate endophytic bacteria from Plectranthus amboinicus leaves to elucidate the plant growth 
promotion potential. 

Methodology: Phytochemical constituents of Plectranthus amboinicus leaves were analyzed following standard procedures. 
Endophytic bacteria were isolated in nitrogen limited medium after surface sterilization process as described by Coombs & 
Franco (2003) and identified by biochemical, molecular analyses. Plant growth promotion and quorum quenching potential of the 
isolate was determined as described by Patel et al. (2011). Probiotic potential of the isolates was elucidated following a series 
of assays (Ahire et al. 2011). 

Results: Phytochemical investigation of the leaves revealed the presence of alkaloids, flavonoids and terpenoids. An endo¬ 
phytic bacterium with probiotic properties was isolated and identified as Rhodococcus globerulus. Plant growth promotion (PGP) 
traits such as phosphate solubilization, IAA production and ACC deaminase activity of R. globerulus was estimated to be 37.3 
pg ml-1, 36.7 pg ml-1 and 35.00 ± 1.2 nmol a-ketobutyrate mg-1 h-1 respectively at 60 h of incubation. The isolate was found to 
produce trihydroxamate siderophores with hexadentate ligands. Presence of the bacterium within the leaf tissues was confirmed 
by SEM imaging. R. globerulus was found to produce quorum sensing inhibitor (QSI) molecules. Endophytic isolate was also 
found to possess probiotic potential. 

Conclusion: The results illustrate that the plant-associated microbiome serve as a repertoire of metabolic products that facili¬ 
tate nutritional and defense pathway of the host plant. Probiotic properties of the endophyte confer an added advantage to the 
therapeutic potential of the plant P. amboinicus. 

Key Words: Plant growth promotion, Plectranthus amboinicus, probiotic, quorum sensing, Rhodococcus globerulus, sidero¬ 
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INTRODUCTION 

Plant tissues constitute a nutrient rich niche for metabolical- 
ly versatile microorganisms called endophytes. Bacon and 
White [1] defined endophytes as “microbes that colonize, 
living, internal tissues of plants without causing any imme¬ 
diate, overt negative effects”. Unlike a random collection, 
endophytic microbes are specific and inextricably associated 


with the host plant [2], Endophytes stimulate plant growth by 
nitrogen fixation, phosphate solubilization, iron chelation, 
phytohormone and 1-aminocyclopropane-l-carboxylate 
(ACC) deaminase enzyme synthesis and / or by the preven¬ 
tion of pathogen infections [3], Endophytes are reported to 
attenuate microbial pathogenicity by the synthesis of quorum 
sensing (QS) inhibitors [4]. 
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Due to the long co-existence, there is a possibility of hori¬ 
zontal gene transfer which facilitates the endophytes to syn¬ 
thesize bioactive compounds of plant origin [5]. For exam¬ 
ple, piperine was isolated from endophytic fungus Periconia 
sp. colonizing the host plant Piper longum L. [6], 

Despite their innate importance, endophytic microbial com¬ 
munity in medicinal plants remains largely uncharacterized. 
Plectranthus amboinicus (Lour.) Spreng (Lamiaceae) a large 
succulent aromatic perennial herb commonly known as In¬ 
dian borage is a native species of Asia. Leaves of FI amboini¬ 
cus are taken orally for the treatment of respiratory infec¬ 
tions, digestive diseases, mumps and wounds [7]. Screening 
the probiotic potential of the microbes associated ensures the 
safety in the uptake of P amboinicus leaves for disease pre¬ 
vention. 

Synthetic antioxidants and antimicrobials in use are report¬ 
ed to possess various side effects. Therefore, the search for 
natural antioxidants, especially of plant origin has attracted 
great attention. Medicinal plants represent a potential source 
of antioxidants that are more effective and less toxic. 

Although there is a plethora of information on the medici¬ 
nal properties of P. amboinicus, knowledge on the diversity, 
plant growth promotion and probiotic potential of its endo¬ 
phytic bacteria are limited. Therefore, the present study was 
intended to isolate endophytic bacteria from the leaves of P. 
amboinicus and to assess their growth promotion activities. 

MATERIALS AND METHODS 

Screening of phytochemical constituents 

Fresh and healthy leaves of Plectranthus amboinicus were 
collected, washed and air-dried. Dried leaves (10 gm) were 
powdered and extracted with 10ml of milli-Q water by boil¬ 
ing at 45 °C for 30 min. The extract was filtered and concen¬ 
trated in a rotary evaporator (IKA RV-10, Germany) at 45 
°C under reduced pressure. The concentrate was subjected to 
qualitative phytochemical analyses following standard pro¬ 
cedures [8], 

Antioxidant and antimicrobial activity 

Antioxidant potential of the leaf extract was measured by 
DPPH (2, 2-Diphenyl-1-picrylhydrazyl) method [9]. Suscep¬ 
tibility of bacterial pathogens to different concentration (20, 
40, 60, 80 and 100 pg/ml) of leaf extract was determined by 
well diffusion method. Dose-response influence of aqueous 
leaf extract on pathogenic strains was calculated using prism 
software (ver. 6.04). 

Isolation and identification of endophytic bac¬ 
teria 

For the isolation of endophytic bacteria, P. amboinicus 


leaves were cut into small discs (0.5 cm dia.) using sterile 
cork borer. Leaf discs were surface sterilized following the 
five step procedure described by Tiwari et al. [10]. Surface- 
sterilized leaves were air dried, triturated with phosphate 
buffered saline, serially diluted and spread onto the nutrient 
agar medium free of inorganic nitrogen. The plates were in¬ 
cubated for 48 h at 30 °C. The endophytic bacteria were iden¬ 
tified by conventional biochemical characteristics following 
Bergey’s Manual of Systemic Bacteriology [11] as well as 
by 16S rRNA gene sequencing by standard procedures [12], 
Phylogenetic analysis was performed using Molecular Evo¬ 
lutionary Genetics Analysis software package (MEGA ver. 
4.0) after multiple alignments of data by Clustal X. 

Plant growth promotion (PGP) traits 

Phosphate solubilization and indole acetic acid production 
Phosphate solubilizing ability of the isolate was determined 
qualitatively and quantitatively by stannous chloride method 
[13] using Pikovskaya medium with 0.5 % tricalcium phos¬ 
phate [Ca 3 (P0 4 )J. Indole acetic acid (IAA) production by 
the isolate on the utilization of L- tryptophan was determined 
using Salkowski reagent [14]. IAA production by the isolate 
was also confirmed by HPLC analysis. 

ACC deaminase enzyme activity 

ACC deaminase activity of the isolate was determined fol¬ 
lowing the method of El-Tarabily [15]. Using Dworkin- 
Foster (DF) salts minimal medium amended with 3 mM of 
1-aminocyclopropane-1 -carboxylic acid (ACC) as a sole ni¬ 
trogen source. ACC production was quantified by measuring 
the absorbance at 540 nm against a standard curve of a- ke- 
tobutyrate (Sigma, USA). 

Screening of siderophore production 

Siderophore production by the isolate was determined by 
FeCl 3 test and chrome azurol sulphonate (CAS) agar plate 
method [16]. The amount of siderophore in the culture su¬ 
pernatant was quantified at different intervals by Chrome 
azurol sulphonate shuttle assay. Furthermore, the culture su¬ 
pernatant was subjected to Csaky, Amow and Vogel’s assay 
to ascertain the nature of siderophore produced. Siderophore 
was further distinguished into mono-, di- or trihydroxamates 
based on the absorption maxima and electrophoretic mobil¬ 
ity [17]. The iron-binding property of siderophore was deter¬ 
mined by the color reaction at different pH values. 

Production of HCN and ammonia 

The isolate was screened for hydrogen cyanide production 
following the standard procedures [18], Ammonia producing 
ability of the isolate was determined by the development of 
yellow color on the addition of Nessler’s reagent. 
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Screening of anti-quorum sensing activity 

Anti-quorum sensing activity of endophytic bacteria against 
the reporter strain Chromobacterium violaceum (MTCC 
2656) was determined following the procedure described 
by Mani et al. [19]. Mid log phase culture (18 h) of C. vio¬ 
laceum was inoculated in LB medium containing different 
concentration (25, 50, 75 and 100 pi) of endophytic bacterial 
culture filtrate. A control without culture filtrate was main¬ 
tained. Culture tubes were incubated with shaking at 30°C 
for 48 h. After incubation, 2 ml of culture was centrifuged 
at 8000 rpm for 10 min to precipitate the insoluble violacein 
and 2 ml of DMSO was added to the precipitate and vortexed 
(30 sec) to solubilize the violacein. The extracted violacein 
was quantified using a UV-vis spectrophotometer (OD_ S5 ). 
The percentage of violacein inhibition was calculated by fol¬ 
lowing the formula: 


Percentage of violacein inhibition = (control OD s 
OD .™™ 1 Control OD...J * 100. 


test 


Plant inoculation assay 

For plant inoculation assay, shoot tips (5 inch) of healthy P. 
amboinicus with a pair of leaf nodes were excised using a 
scalpel, surface sterilized with 5 % sodium hypochlorite for 
3 min and rinsed repeatedly with sterilized distilled water. 
Surface-sterilized shoot cuttings were immersed in endo¬ 
phytic bacterial cell suspension (10 7 CFU per ml of phos¬ 
phate buffer pFI 7.0) for 1 h, subsequently a control was 
maintained by immersing in sterile water. Treated and con¬ 
trol shoot cuttings were planted in plastic pot (10x15 cm). 
Five replicates were maintained. The plants were grown in 
a greenhouse at 37°C with 16 h light: 8 h darkness photo¬ 
period. The plants were watered daily with sterile deionised 
water. After 3 weeks, the plants were uprooted and growth 
parameters such as shoot and root length and number of 
leaves were measured. The presence of endophytes within 
the leaf tissues was established by scanning electron micro¬ 
scopic (SEM) imaging. 


Screening for probiotic properties 

Acid and bile salt tolerance 

A probiotic microorganism must overcome physical and 
chemical barriers in the gastrointestinal tract. Therefore, in 
this study acid tolerance property of the isolate was deter¬ 
mined following the standard procedure [20]. The isolate 
was grown in nutrient broth for 24 h at 30°C. Cells were 
harvested and re-suspended in 1 ml of sterile phosphate buff¬ 
ered saline (PBS) at different pFI for various time intervals 
(0, 60, 120 and 180 min) and transferred to nutrient broth. 
The growth was measured at A 620nm after 24 h. For bile salt 
tolerance, one ml (3xl0 7 cells ml 1 ) of the isolate was inocu¬ 
lated on a nutrient broth supplemented with different con¬ 
centration of oxgall (w/v) and the growth of the isolate was 


measured (A 620nm ) at different time intervals. Auto-aggrega- 
tion was calculated by measuring the absorbance (660 nm) 
of the bacterial suspension in PBS (pH7.3) at different time 
intervals as described by Ahire et al. [21 ]. Antibiotic suscep¬ 
tibility and hemolytic ability of the isolate was determined 
following standard procedure. 


RESULTS 

Phytochemical constituents 

Qualitative determination of phytochemical constituents in 
the leaves of Plectranthus amboinicus revealed the pres¬ 
ence of tannins, flavanoids, saponins, alkaloids, cardiac gly¬ 
cosides and terpenoids (Table 1). Absence of steroids and 
acidic compounds in the leaf extract are notable. 

Antioxidant activity 

The leaf extract of P amboinicus showed a concentration de¬ 
pendent free radical scavenging activity with an EC 50 value 
of 65.26 pg/ml. Maximum radical scavenging activity (61.06 
%) was observed at 80 pg/ml. Flowever, scavenging activ¬ 
ity of ascorbic acid, a known antioxidant, which is used as 
a positive control in this study, was greater than that of leaf 
extract. 

Antimicrobial activity 

Aqueous leaf extract of P amboinicus was found to inhibit 
the growth of the pathogenic microorganism viz., S.aureus, 
E.coli, M.luteus, Paeruginosa, B.subtilis and S.typhi. Dose 
response curves illustrated that the pathogen inhibition was 
linearly associated with the concentration of the leaf extract 
(Fig.l) Inhibitory efficiency was found to be more effective 
against E. coli and M. luteus. 

Isolation and identification of endophytic bac¬ 
teria 

Two phenotypically different endophytic bacterial strains 
were isolated from the leaves of P.amboinicus. The isolates 
were identified as Pseudomonas sp. and Rhodococcus sp. Of 
the two, Rhodococcus sp. was subjected to further analyses 
based on its non-haemolytic and catalase positive response. 
Based on 16 s rRNA gene sequencing (accession number 
KR013744) and phylogenetic analysis (Fig.2) the isolate was 
confirmed as Rhodococcus globerulus. 

In vitro screening of Rhodococcus globerulus 
for PGP traits 

Phosphate solubilization and indole acetic acid production 
by the isolate was determined qualitatively and quantita¬ 
tively. Appearance of halo zones on Pikovskaya agar indi¬ 
cates phosphate solubilizing ability of the isolate (results not 
shown). The level of soluble phosphate in the medium was 

n 
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found to be 37.33pgmf 1 at 60 h of incubation. In the pre¬ 
sent study, the isolate was found to solubilize the inorganic 
phosphate with the concomitant decline in medium pH (Fig. 
3). Biosynthesis of 3-indole acetic acid by the isolate was 
estimated to be 6.33, 14.67, 21.33, 33.67, 36.69 and 28.67 
pgml 1 at 12, 24, 36, 48, 60 and 72 h of incubation, respec¬ 
tively. HPLC chromatograms of the IAA produced by the 
isolate was compared with the standard (retention time 2.62) 
and presented in Fig. 4. Growth of the isolate in DF medium 
supplemented with ACC confirms ACC deaminase enzyme 
activity. Quantitative determination revealed high ACC 
deaminase activity (35.00 ±1.2 nmol a-ketobutyrate mg" 1 h" 1 ) 
by the isolate (Table 2). 

The positive results with FeCl 3 test, CAS assay and develop¬ 
ment of orange halos in CAS agar plate confirm siderophore 
production by the isolate (results not shown). Maximum si¬ 
derophore production was observed only after 60 h of incu¬ 
bation and it was found to be 42.23 ± 0.67 % units. Absorb¬ 
ance maximum at 404 nm indicates hydroxamate nature of 
the siderophore produced and it was further confirmed by 
positive Csaky test. A narrow shift in 7-max (up to 8 nm) 
with different pH and electrophoretic mobility results indi¬ 
cate trihydroxamate nature of the siderophore (Table 3). The 
isolate exhibited other plant growth promotion traits such as 
HCN and ammonia production. 

Anti-quorum sensing activity 

In this study, quorum quenching ability of the R. globerulus 
was confirmed by the appearance of opaque zone on the pe¬ 
riphery of reporter strain C. violaceum colonies (Fig. 5a). Vi- 
olacein production was found to be decreased with increas¬ 
ing concentration of R. globerulus (Fig. 5b) culture filtrate. 

Plant inoculation studies 

Biopriming of P amboinicus shoot with endophytic bacteria 
R. globerulus enhanced plant growth (Fig. 6). SEM imaging 
confirmed the colonization of isolate within the leaf tissues 
(Fig. 7). 

Probiotic properties 

R. globerulus was found to be viable at high acidic condi¬ 
tions (pH 2). Percent survival of R. globerulus after 3h of 
exposure to pH 2 and pH 4 was found to be 46.83 and 87.65 
respectively (results not shown). In addition to acid toler¬ 
ance, the isolate was able to survive at 2-4% concentration of 
bile salt. R. globerulus was found to be susceptible to tetra- 
cyclin, kanamycin, gentamycin and erythromycin but resist¬ 
ant to penicillin and rifampicin. 

DISCUSSION 

Phytochemical screening ascertains the leaves of P. am¬ 
boinicus are a rich source of tannins, flavanoids, saponins, 


alkaloids, cardiac glycosides and terpenoids (Table 1). Re¬ 
sults on the qualitative analyses of phytochemicals are con¬ 
sistent with the available literature. Tannins and terpenoids 
are known to possess antimicrobial, anti-inflammatory 
and immunomodulatory properties [22]. Absence of ster¬ 
oid reveals the advantage of using P amboinicus leaves in 
disease treatment. Antioxidant potential of the leaf extract 
might be due to the presence of phenolic compounds. The 
result obtained on free radical scavenging activity falls in 
line with the findings of Yadav et al. [23]. 

P. amboinicus leaf extract found to inhibit the growth of bac¬ 
terial pathogens (Fig. 1). Neuwinger [24] reported the effi¬ 
ciency of Plectranthus sp. leaf extract in the prevention of 
microbial infections. Screening of surface sterilized leaf tis¬ 
sue of P. amboinicus revealed the presence of Pseudomonas 
sp. and Rhodococcus sp. Occurrence of Rhodococcus sp. 
within the leaf tissue of medicinal plants was reported in 
earlier studies [25]. It is still not clear whether plants ben¬ 
efit from an endophyte or if the advantage is higher for the 
bacteria to become endophyte. However it is evident from 
the results, the benefits conferred by endophytes are more 
conspicuous by growth promotion. 

Growth promotion traits like indole acetic acid production, 
ACC deaminase, siderophore, HCN, ammonia production 
and phosphate solubilization confers the benefit of endo¬ 
phytic colonization of R. globendus within the tissues of 
Pamboinicus. Solubilization of insoluble phosphates illus¬ 
trate that the isolate can be deployed as a bioinoculants to 
minimize the fertilizer application. The role of ACC deami¬ 
nase in decreasing the ethylene levels by the enzymatic hy¬ 
drolysis of ACC into a-ketobutyric acid and ammonia was 
reported as one of the major traits of endophytes in promot¬ 
ing root and plant growth. Penrose and Glick [26] report¬ 
ed that greater or equal to 20 nmol a-ketobutyrate mg' 1 h" 1 
ACC production by the isolate is sufficient to promote plant 
growth. 

Siderophore production in endophytic bacteria illustrates 
iron sequestration mediated pathogen inhibition and plant 
growth promotion. Siderophore produced by R. globerulus 
was found to be of trihydroxamate with hexadentate nature. 

This study is the first to report the QSI potential of endo¬ 
phytic isolate R. globerulus. Based on the results it can be 
postulated that secondary metabolites in the cell free lysate 
of endophytic bacteria degrade HHL and thereby prevents 
the expression of violacein production. Unfortunately, most 
of the QSIs available are toxic and unsuitable for human use. 
Therefore, quorum sensing blockers of probiotic bacteria is 
an intriguing target for future antimicrobial chemotherapy. 

Drenching of P. amboinicus shoot tips with R. globerulus en¬ 
hanced the number of leaves, shoot and root length with that 
of untreated plants. Increased herbage yield of O. sanctum 
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on seed treatment with endophytic bacteria in field trials was 
reported earlier [27]. In the present study, colonization of en¬ 
dophytic bacterium within the leaf tissue of treated plant was 
confirmed by SEM imaging. 

The leaves of Pamboinicus are taken orally to cure differ¬ 
ent respiratory and intestinal ailments. So, it is inevitable to 
screen the probiotic potential of endophytic bacteria that re¬ 
sides within the leaves of the plant. Tolerance to different 
concentration of bile salt and viability at high acidic condi¬ 
tions (pH 2) reflects the probiotic nature of R. globerulus. 

CONCLUSIONS 

Phytochemical constituents of P. amboinicus attribute for its 
nutraceutical and pharmacological properties. Nonetheless, 
our research findings confirm that the plant-associated mi- 
crobiome is a repertoire of metabolic products that contrib¬ 
ute for the nutritional and defense pathway of the host plant. 
QS inhibition by R. globerulus provides a scientific basis for 
the prevention of pathogen infection in host plant. Probiotic 
properties of the endophyte confer an added advantage to the 
therapeutic value of the plant P amboinicus. Phytochemical 
constituents and probiotic potential of the endophytic micro- 
biome is a proof of principle for the safety and efficiency 
of the raw intake of P. amboinicus in ailment prevention. 
Screening of culture-independent endophytic microbiota of 
P amboinicus using high-throughput techniques are in pro¬ 
gress. 
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Table i: Qualitative analyses of phytochemical con¬ 
stituents in the leaves of Plectranthus amboinicus 


Target compounds 

Methods 

Leaf extract 

Tannins 

FeCl test 

3 

+ 

Steroids 

Salkowski test 

- 

Flavonoids 

Ammonia test 

+ 

Saponins 

Frothing test 

+ 

Protein and aminoacids 

Ninhydrin test 

+ 

Alkaloids 

Wagners test 

+ 

Carbohydrates 

Molischs test 

+ 

Cardiac glycosides 

Keller Killiani test 

+ 

Terpenoids 

Salkowski test 

+ 


(+ presence of target compound, - absence of target compound) 


Table 2: Plant growth promoting traits of R. globerulus 


PGP traits 

R. globerulus 

Phosphate solubilization (pg/ml) 

37.33+0.4 1 

IAA synthesis (pg/ml) 

36.69±o.64 

ACC deaminase activity (nmol 

35 .oo±i .20 

a-ketobutyrate mg 'h ') 


Siderophore production (% units) 

42 . 23 ±o .67 


Table 3: Classification and ligand denticity of hydroxamate siderophore produced by R. globerulus 


X max (nm) of ferrate si¬ 
derophore 

pH X raax (nm) 

X max (nm) Colour of the ferrate 
siderophore in elec¬ 
trophoresis 

Inference 

Colour of the fer¬ 
rate hydroxamate 

Binding properties 

4 

405 





5 

407 





6 

400 

8 Red 

Trihydroxamate 

Red 

Hexadentate 

7 
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Figure 1: Antoganistic activity of P. amboinicus leaf extract against bacterial pathogens. 
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Figure 2: Phylogenetic relationship of bacterial endophyte 
Rhodococcus globerulus (Accession No: KR013744) and ref¬ 
erence bacteria based on 16S rRNA gene sequences (neigh¬ 
bor-joining dendrogram). Maximum parsimony methods are 
used to construct phylogenetic trees. Bootstrap values are 
shown near the clades. 
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Figure 5: Anti-quorum sensing activity of R. globerulus quali¬ 
tative and quantitative analyses. 
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Figure 6: Growth promotion of P. amboinicus plant (a) with 
and without (bj R. globerulus treatment. 
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Figure 3: Solubilization of tricalcium phosphate and decrease 
in pH by R. globerulus in Pikovskaya medium. 



Figure 7: Scanning electron microscopic observation of endo¬ 
phytic R.globerulus within the leaf tissues of the treated plant 
P. amboinicus. 



Figure 4: HPLC chromatogram of IAA extracted from 
R.globerulus (a) and standard (b) 
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